1. Background {#sec97588}
=============

Diazinon (0,0-Diethyl 0-(1-6-methyl-2-isoprophyl 4 pyrimidinyl) phosphorothioate) (DI) has been widely used throughout the world, including Turkey, with applications in agriculture for controlling the hazardous insects and disease vectors ([@A25310R1]). The DI is also one of the most widely known causes of toxicity on many body organs, and therefore data about its effects on humans are crucial. In addition, admission of the patients to the emergency department, with suicide attempt or accidental ingestion of DI, may be possible.

Diazinon exerts its effects on multiple tissues and cells, such as blood cells, immune system, hepatocytes, neuronal cells and renal cells, resulting in increased free radical production and depletion of tissue antioxidant mechanism ([@A25310R2]-[@A25310R7]). Previous studies have reported that DI may cause hepatotoxicity ([@A25310R6], [@A25310R7]). One of the possible mechanism of DI induced hepatotoxicity is the increasing level of reactive oxygen species (ROS) ([@A25310R4]-[@A25310R7]). The administrations of several antioxidants may attenuate the DI-induced hepatotoxicity.

Silibinin is a pharmacologically active constitute of Silybum marianum ([@A25310R8]). Its antioxidant activity may have a crucial role in the effects of silibinin. It is widely used in the treatment due to its safety and lack of adverse effects ([@A25310R9]). Recent studies have shown that silibinin protects the liver against multiple drugs and chemical induced liver injury ([@A25310R10], [@A25310R11]). Silibinin seems to be a promising protective agent for repairing free-radical induced damage in a variety of pathological conditions ([@A25310R11]).

Aspartate aminotransferases (AST) and alanine aminotransferases (ALT) are intracellular aminotransferase enzymes, present in liver cells. After cell death or damage in liver cells, they are released into the circulation. Increased serum transaminases translate a susceptibility to liver damage ([@A25310R12]).

Myeloperoxidase (MPO) is the most abundant protein in neutrophils, catalyzes the conversion of hydrogen peroxide and chloride ions into hypochlorous acid. It plays a role in down regulating the inflammatory response ([@A25310R13]).

Superoxide dismutase (SOD) is regarded as the first line of defense against the detrimental effects of molecular oxygen radicals in cells. Superoxide is a crucial source of hydroperoxides and free radicals. The activity of SOD inhibits lipid peroxidation by catalyzing the conversion of superoxides into hydrogen peroxide and oxygen. The SOD protects the cells from superoxide toxicity via removing superoxide free radicals ([@A25310R14]).

Endogenous nitric oxide (NO) is formed from the amino acid L-arginine with nitric oxide synthase (NOS) enzyme. Increasing the level of NO has a crucial role in the modulation of oxidative stress and tissue damage ([@A25310R15]). It was reported that oxidative stress results in the increase of the activity of NO synthase, as a consequence to the elevation of NO release ([@A25310R16]).

Glutathione peroxidase (GPx) is a crucial selenocysteine-containing enzyme, which catalyzes the reduction of hydroperoxides, including hydrogen peroxide, by reduced glutathione and functions to protect the cells from oxidative damage ([@A25310R17]).

2. Objectives {#sec97589}
=============

The present investigation aimed to evaluate the antioxidant and protective efficacies of silibinin against DI induced hepatotoxicity in rats by evaluation of NO, MPO, SOD, GPx, AST, ALT and histological values.

3. Materials and Methods {#sec97597}
========================

Thirty two adult female 12 week-old Wistar albino rats (Suleyman Demirel University Experimental Research Centre, Isparta, Turkey) weighing 170 - 220 g were used for the present experiment. The animals were housed in quiet rooms (20 - 25°C; 50 - 60% relative humidity) on a 12 hour light/dark cycle (7 a.m. - 7 p.m.) and allowed a commercial standard rat diet (Abalioglu Yem Sanayi, Denizli, Turkey) and water ad libitum. All animal procedures were approved by the university Ethics Committee (No: 2012/3). The experiments were performed in accordance with the Guide for the Care and use of Laboratory Animals (DHEW. Publication (NIH) 8523, 1985). Silibinin was purchased from Sigma/Aldrich Chemicals, USA.

The animals were randomly divided into four groups:

1.  \- Group 1: Control group (n = 8); rats were given 0.3 mL corn oil orally;

2.  \- Group 2: DI group (n = 8); rats were administered a single dose of 335 mg/kg of body weight (BW) of DI (Basudin 60 EC, Syngeta Tarım San. ve Tic. AS, Izmir, Turkey) with corn oil ([@A25310R1], [@A25310R4], [@A25310R7]);

3.  \- Group 3: Silibinin group (n = 8); silibinin was given orally, 100 mg/kg/day every 24 hours, for 7 days ([@A25310R17], [@A25310R18]);

4.  \- Group 4: DI + Silibinin group (n = 8); rats were given DI single dose of 335 mg/kg BW of DI orally and 100 mg/kg/day silibinin was administered orally, every 24 hours for 7 days.

At the end of the experiment, all animals were anesthetized under intraperiteoneal injection of ketamine/xylazine (60 mg/kg and 6 mg/kg, respectively). Blood samples were taken from intracardiac on the sterile tubes, for measuring the level of serum ALT, AST, MPO, NO, SOD and GPx. Blood samples were centrifuged and serum was separated. The blood was centrifuged at 2000 × G for 15 minutes, at 4°C. The top yellow serum layer was pipetted off, without disturbing the white buffy layer. Livers were removed immediately and washed with phosphate buffer solution (PBS) (pH = 7.4) and then frozen promptly in a deep freezer for biochemical analysis. All samples were protected under -80°C until analysis.

3.1. Determination of Aspartate Aminotransferase and Alanine Aminotransferase Activities {#sec97590}
----------------------------------------------------------------------------------------

The activities of AST and ALT were calculated spectrophotometrically in serum, using Beckman Coulter kits by autoanalyzer (Unicel D × C 800 Synchron, Brea, California, USA). The results were expressed as units per liter (U/L).

3.2. Determination of Superoxide Dismutase Activity {#sec97591}
---------------------------------------------------

The tissue was homogenized at 16000 rpm on ice, in 5 - 10 mL cold buffer, 20 mM HEPES buffer, pH 7.2, containing 1mM EGTA, 210 mM mannitol and 70 mM sucrose per g tissue. The mixture was centrifuged at 1500 × G for 5 minutes, at 4°C. The supernatant was removed. Serum should be diluted 1:5 with sample buffer. The SOD activity was measured in the supernatant and serum. The SOD was determined via Cayman's Superoxide Dismutase assay kit (Cayman Chemical Co., Ann Arbor, MI, USA) in Bio-Tek ELx-800 (Winooski, USA). The detection of superoxide radicals were generated by xanthine oxidase and hypoxanthine. One unit of SOD is defined as the amount of enzyme required to exhibit 50% dismutation of the superoxide radical. The results were expressed as units per mg protein (U/mg) tissue, for liver tissue, and units per milliliter (U/mL) for serum. The dynamic range of the kits is 0.005 - 0.05 U/mL SOD. Recommended by the company for measuring formulation, the SOD was calculated by applying SOD values.

3.3. Determination of Glutathione Peroxidase Activity {#sec97592}
-----------------------------------------------------

The tissue was homogenized in 5-10 mL cold buffer (50 mM Tris-HCl, pH 7.5, 5 mM EDTA and 1 mM DTT (Dithiothreitol) per tissue. Then, it was centrifuged at 10000 × G for 15 minutes, at 4°C. The supernatant was removed after centrifugation. The blood was centrifuged at 700 - 1000 × G for 10 minutes, at 4°C. The serum was removed. The GPx activity was measured in liver tissue and serum samples. The GPx activity was determined via Cayman's GPx assay kit (Cayman Chemical Co., Ann Arbor, MI, USA) in Bio-Tek ELx-800. The GPx activity was measured indirectly by a coupled reaction with glutathione reductase. The oxidized glutathione was produced upon reduction of hydroperoxide by GPx. The results were expressed as units per mg protein (U/mg) tissue, for liver tissue, and units per milliliter (U/mL), for serum. The dynamic range of the assay is only limited by the accuracy of the absorbance measurement.

3.4. Determination of Nitric Oxide Level {#sec97593}
----------------------------------------

The tissue was homogenized in PBS (pH 7.4) and centrifuged at 10000 × G for 20 minutes to create the supernatant. Total NO assay was performed by spectrophotometry at 540 nm using nitrate/nitrite colorimetric assay kit (Cayman, Ann Arbor, Michigan USA) in Bio-Tek ELx-800. The assay was based on nitrate and nitrite determinations. The nitrate and nitrite are the stable end products of the reaction of NO with molecular oxygen. The total accumulation of nitrate and nitrite in serum and liver tissue was measured. The results were expressed as µm/g protein.

3.5. Determination of MPO Activity {#sec97594}
----------------------------------

The quantitative detection of MPO was used by an enzyme-linked immunosorbent assay (ELISA) kit (MPO Instant Elisa, eBioscience, Vienna, Austria) in Bio-Tek ELx-800. The results were expressed as ng/mL protein.

3.6. Histopathology of Liver Tissue {#sec97595}
-----------------------------------

The liver tissue was also removed for histopathological investigation. The specimens were fixed in 10% formalin subsequent overnight and then were dehydrated by immersion in a series of alcohol solutions of various concentrations, cleared in xylene and paraffin embedded tissue sections. The tissue samples were then infiltrated with paraffin as blocks, sectioned (5 µm-thick slides). The prepared samples were examined under a light microscope according to the severity of the lesions modified from Yehia et al. ([@A25310R19]). Each parameter was scored between 0 and 3 (0: normal, 1: mild, 2: moderate and 3: severe) and according to the point total, lesions were classified into three grades (grade 1: 1-5 points, grade 2: 6 - 10 points and grade 3: 11-15 points) ([@A25310R12], [@A25310R13]).

Six parameters of liver damage were evaluated:

1.  Sinusoidal dilatation;

2.  Distortion radial alignment around central vein;

3.  Vacuolization in hepatocytes;

4.  Inflammation in the portal area and around central vein;

5.  Hepatocellular necrosis;

6.  Eosinophils infiltration of in the periportal field or around central vein.

3.7. Statistical Analysis {#sec97596}
-------------------------

Data were analyzed using a commercially available statistics software package (SPSS Statistics for Windows, Version 20.0. IBM Corp., Armonk, NY, USA). All data were presented as the mean ± SD for comparisons. Comparisons between groups were performed using the Kruskal-Wallis analysis of variance for unpaired comparisons, followed by the Mann Whitney U test. The P \< 0.05 was considered significant.

4. Results {#sec97600}
==========

4.1. Biochemical Results {#sec97598}
------------------------

The levels of NO and MPO in serum and liver tissue were found to be significantly increased in the DI group, compared to control group (P \< 0.0001) ([Tables 1](#tbl25145){ref-type="table"} and [2](#tbl25146){ref-type="table"}). The activity of ALT and AST were found to be significantly increased in DI group, compared to control group (P \< 0.001) ([Table 1](#tbl25145){ref-type="table"}). The levels of NO and MPO in serum were found to be significantly decreased in DI + silibinin group, compared with DI group (P \< 0.01 and P \< 0.001). When comparing DI + silibinin group to DI group the activities of AST and ALT were found decreased ([Tables 1](#tbl25145){ref-type="table"} and [2](#tbl25146){ref-type="table"}).

There was no significant statistical difference between the tissue or serum GPx activities, for all groups. The serum and tissue SOD activity was found increased in DI + silibinin group, when compared to DI group (P \< 0.001) ([Table 1](#tbl25145){ref-type="table"}).

4.2. Histopathological Results {#sec97599}
------------------------------

Hepatocytes of control group ([Figure 1 A](#fig18773){ref-type="fig"}) and silibinin group ([Figure 1 B](#fig18773){ref-type="fig"}) were observed to have a normal structure ([Figure 1](#fig18773){ref-type="fig"}). It was determined histopathologically that the liver tissue intoxicated by DI was significantly damaged (Grade 3).

In histopathological examination, rats administered DI showed severe sinusoidal dilatation, moderate disrupt radial alignment of hepatocytes, severe vacuolization of hepatocyte cytoplasm, and centrilobular necrosis (P \< 0.05) ([Figure 2](#fig18774){ref-type="fig"}). In contrast, rats in DI + Silibinin group exhibited these changes significantly, especially inflammation around the central vein and portal space (P \< 0.05) ([Figure 3](#fig18775){ref-type="fig"}).

![A, Control Group (H & E × 40); B, Silibinin Group (H & E × 40), Normal Liver Morphology](ircmj-17-04-25310-g001){#fig18773}

![Diazinon Group\
A, Dilatation in sinusoids (arrows) (H & E × 40); B, Cellular disruption (stars) around central vein (arrow) (H & E × 40); C, Vacuolation (arrows) (H & E × 200); D, Mononuclear inflammatory cells (stars) among hepatic cells, around the central vein (arrow) and portal space (arrow head) (H & E × 40); E, Hepatocellular necrosis (stars) (H & E × 40).](ircmj-17-04-25310-g002){#fig18774}

![Diazinon + Silibinin Group\
A, Mild dilatation in sinusoid (arrows) (H & E × 100); B, Minimal vacuolation (arrows) (H & E × 200); C: Mild inflammation (stars) around the central vein (arrow) and portal space (arrow head) (H & E × 100).](ircmj-17-04-25310-g003){#fig18775}

###### Biochemical Serum Values of Four Groups of Rats ^[a](#fn23526){ref-type="table-fn"},\ [b](#fn23527){ref-type="table-fn"}^

  Groups                     AST, U/L         ALT, U/L        SOD, U/mL                                          GPx, U/mL      NO, µm/g                                           MPO, ng/mL
  -------------------------- ---------------- --------------- -------------------------------------------------- -------------- -------------------------------------------------- --------------------------------------------------
  **Control group**          107.63 ± 22.37   55.13 ± 13.04   0.1 ± 0.02                                         3.48 ± 0.98    1.43 ± 0.73                                        1.51 ± 1.02
  **DI group**               80.00 ± 13.9     90.00 ± 10.18   0.09 ± 0.02                                        3.74 ± 2.77    7.13 ± 2.73                                        4.83 ± 1.60
  **Silibinin group**        90.5 ± 11.25     44.88 ± 3.22    3.69 ± 2.58                                        7.95 ± 2.68    1.26 ± 0.72                                        1.19 ± 0.53
  **DI + Silibinin group**   105 ± 23.34      54.25 ± 9.99    0.52 ± 0.34 ^[c](#fn23528){ref-type="table-fn"}^   7.481 ± 2.43   2.54 ± 1.35 ^[d](#fn23529){ref-type="table-fn"}^   0.81 ± 0.33 ^[e](#fn23530){ref-type="table-fn"}^

^a^ Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; GPx, Glutathione peroxidase; MPO, Myeloperoxidase; NO, Nitric oxide; SOD, Superoxide dismutases.

^b^ Data are presented as Mean ± SD for n = 8.

^c^ P \< 0.05 SOD, DI + silibinin compared with DI group.

^d^ P \< 0.05 NO, DI + silibinin compared with DI group.

^e^ P \< 0.05 MPO, DI + silibinin compared with DI group.

###### GPx, SOD, NO and MPO Liver Tissue Values of Four Groups of Rats ^[a](#fn23531){ref-type="table-fn"},\ [b](#fn23532){ref-type="table-fn"}^

  Groups                     GPx, U/mg     SOD, U/mg     NO, µm/g                                          MPO, ng/mL
  -------------------------- ------------- ------------- ------------------------------------------------- --------------------------------------------------
  **Control group**          0.89 ± 0.21   1.6 ± 0.47    2.86 ± 1.84                                       3.51 ± 2.40
  **DI group**               0.76 ± 0.23   2.70 ± 1.71   9.45 ± 2.71                                       7.54 ± 3.32
  **Silibinin group**        0.96 ± 0.29   3.84 ± 1.48   2.2 ± 0.01                                        4.56 ± 2.26
  **DI + Silibinin group**   0.18 ± 0.11   2.82 ± 0.83   5.9 ± 1.14 ^[c](#fn23533){ref-type="table-fn"}^   3.73 ± 1.11 ^[d](#fn23534){ref-type="table-fn"}^

^a^ Abbreviations: GPX, Glutathione peroxidase; MPO, Myeloperoxidase; NO, Nitric oxide; SOD, Superoxide dismutases.

^b^ Data are presented as Mean ± SD for n = 8.

^c^ P \< 0.05 NO, DI + Silibinin, compared with DI group.

^d^ P \< 0.05 MPO, DI + Silibinin, compared with DI group.

5. Discussion {#sec97601}
=============

The levels of ALT, AST, NO and MPO in serum were found increased in DI group, when compared with control group. We suggest that DI induced a significant liver damage. Silibinin reduced the levels of AST, ALT, NO, MPO in silibinin + DI group, compared with DI group. Silibinin, given to rats with DI, showed a significant protective activity against liver damage induced by DI. In addition, the level of SOD in serum and liver tissue increased via silibinin in silibinin+DI group ([Table 2](#tbl25146){ref-type="table"}). In histopathological examination, DI caused severe sinusoidal dilatation and severe vacuolation, inflammation around the portal area and central vein and disrupted the radial alignment around the central vein in hepatocytes. Silibinin significantly reversed the DI-induced sinusoidal dilatation, severe vacuolization and inflammation around the central vein in hepatocytes (P \< 0.05) ([@A25310R19], [@A25310R20]).

The liver is a very crucial organ for the detoxification processes and oxidative stress is thought to be a key mechanism of hepatocellular injury. The liver tissue was the major site of DI metabolism, by assembling a great quantity of its metabolites ([@A25310R21]). In the present study, we suggest that DI increased the reactive oxygen species (ROS) in liver tissue and silibinin carries out free-radical-eliminating activity and extensive antioxidant effect. Similarly, in previous studies, it was been shown that DI caused increases in lipid peroxidation ([@A25310R4], [@A25310R22]). It was reported that DI exposure has been implicated in inducing oxidative stress increased nitrate and nitrite. The MPO, which is a peroxidase enzyme that synthetizes hypochlorous acid from H~2~O~2~ and chloride, plays an important role, as a powerful oxidant, which utilizes free radicals ([@A25310R13], [@A25310R23]-[@A25310R25]). In this study, DI exposure could induce oxidative stress by the increased NO, MPO concentrations, which should induce membrane lipid peroxidation, resulting in liver injury. These results were correlated with previous reports of Messarah et al. who showed DI might generate ROS ([@A25310R26]). It was reported that silibinin has antioxidant effects ([@A25310R27]). To the best our knowledge, the current study is the first to investigate the silibinin antioxidant effects on DI induced hepatotoxicity. Oxidative stress induced by DI administration is also demonstrated by a highly significant increase in the activities NO and MPO and our results are in agreement with previous reports ([@A25310R26], [@A25310R27]). The DI affects the mitochondrial membrane transportation in rat liver ([@A25310R18]). Diazinon binds extensively to biological membranes, especially to the phospholipids bilayers ([@A25310R28]). Silibinin acts on the polar head group of phospholipids of the cellular membrane. It was reported that silibinin act as an excellent protective agent against lipid peroxidation on cellular membrane ([@A25310R29]). Previous studies have reported the protective role of silibinin via scavenging free radicals and antioxidant properties ([@A25310R10]). Silibinin is membranotropic in nature and it has been found to bind firmly to the hepatocellular membrane. Silibinin has a role in metabolic and cell-regulating actions via antioxidative mechanism, which is regarded as a major hepatoprotective effect.

In addition, ALT and AST enzymes activities represent a marker of hepatic function when determining hepatotoxicity. The DI exposure resulted in the increase of the activities of serum AST and ALT. The phenomenon may occur due to disturbing the transport function of the hepatocytes. In a previous study, silibinin repair function in hepatotoxicity was reported thorough the reduction in the serum levels of ALT and AST enzymes ([@A25310R30]). Probably, increases of serum ALT and AST enzymes activities are one of the important markers for the diagnosis of liver damage. In addition, by increasing MPO, NO levels, DI plays role in pathogenesis of hepatic toxicity via oxidative stress mechanism. The MPO, which is the most abundant protein in neutrophils and catalyzes the conversion of hydrogen peroxide and chloride ions into hypochlorous acid, plays a role in down-regulating the inflammatory response ([@A25310R13]). However, in non-infectious diseases, MPO that was found increased was associated with strong oxidative activity. The activity of MPO in the oxidation of DI was reported previously ([@A25310R31]). Silibinin counteracted the inflammatory process by decreasing the MPO pathway and also by preventing free radical production. Liver injury, marked as centrilobular necrosis and neutrophilic infiltration around centrilobular area, could be seen in H & E stained rat liver cells. In this study, the activity of MPO and histopathological results are correlated about hepatotoxicity.

Silibinin has been intensively studied in vitro, in vivo and also, in clinical trials. Van Wenum et al. reported that silibinin used in the treatment of cirrhosis, hepatitis and alcohol-induced liver disease, is usually connected with antioxidant action ([@A25310R32]). Silibinin is extensively applied due to its safety and lack of adverse effects. We found an increased activity of plasma antioxidant enzymes, namely SOD in DI + silibinin group. The SOD is assumed to be the most effective antioxidant ([@A25310R33]). Therefore, it is regarded as the first line of defense against the detrimental effects of molecular oxygen radicals in cells. Superoxide is a crucial source of hydroperoxides and free radicals. The activity of SOD inhibits lipid peroxidation by catalyzing the conversion of superoxides into hydrogen peroxide and oxygen ([@A25310R14]). The SOD protects the cells from superoxide toxicity via removing superoxide free radicals. Silibinin also restored SOD activity. The increased hepatic SOD activity we observed in the group treated with silibinin. Accordingly, the co-administration of silibinin, after DI exposure, increased SOD levels and ameliorated the oxidative system. The co-administration of silibinin reduced the detrimental effects of DI by possibly scavenging or neutralizing ROS. These results showed that silibinin might have a beneficial role in lowering DI toxicity. Furthermore, a protective effect of silibinin has also been reported against N-nitrosodimethylamine induced oxidative stress. Silibinin caused increases of SOD in liver tissue against N-nitrosodimethylamine ([@A25310R34]).

Lipid peroxidation starts as a consequence of ROS-induced isolation of hydrogen from polyunsaturated fatty acids (PUFAs) from the cellular membrane, which results in the formation of relatively stable compounds, like NO. Increasing the level of NO has a crucial role in the modulation of oxidative stress and tissue damage ([@A25310R15]). It was reported that oxidative stress results in increasing the activity of NO synthase, as a consequence of the elevation of NO release ([@A25310R16]). The DI induced the secretion of excess NO reaction with the superoxide anion to generate the peroxynitrite radical involved in the toxification process. Silibinin treatment significantly reduced lipid peroxidation, as an antioxidant. Therefore, silibinin treatment repaired the excess NO reaction. Treatment with silibinin effectively decreased the levels of NO. It has been reported that silibinin scavenges nitrogen species. Similarly, Prabu et al. found that the level of NO decreased as a result of silibinin treatment against arsenic induced toxicity ([@A25310R11]).

The GPx is a crucial selenocysteine-containing enzyme, which catalyzes the reduction of hydroperoxides, including hydrogen peroxide, by reduced glutathione and functions to protect the cell from oxidative damage ([@A25310R17]). It was reported that DI induced oxidative toxicity through oxidation of GPx ([@A25310R35]). In another study, the GPx activity values were found to be non-significantly different between the DI group and DI + N-acetyl cysteine group. Similarly, in our study, GPx activity was not found significantly different between DI group and DI + silibinin group.

In conclusion, our present results demonstrate that silibinin exerts hepatoprotective, antioxidant, free radical scavenging effects against DI induced hepatotoxicity. It may be suggested that silibinin is convenient as a therapeutic agent for the amelioration of DI induced hepatotoxicity. However, further studies are required in order to understand and quantify the beneficial effects of silibinin in DI induced hepatotoxicity and its possible clinical use.
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